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Experiment. Pulsed-laser photolysis of a diiodoalkane precursor (CH 2 I 2 or CH 3 CHI 2 ) at 351 nm or 266 nm forms α-iodoalkyl radicals, which subsequently react with O 2 and form CIs. The HCOOH or CH 3 COOH reactants are introduced from dilute premixes, whose concentration is calculated accounting for dimerization. [1] MPIMS experiments (298 K and 4 Torr) used the Sandia multiplexed chemical kinetics reactor, as in previous kinetics studies of CH 2 OO [2] and CH 3 CHOO [3] reactions. The reacting mixture is analyzed using time-resolved photoionization mass spectrometry with vacuum ultraviolet (VUV) photoionization. The VUV source was either a H 2 discharge (principally Lyman-a (10.2 eV)) or beamline 9.0.2 of the Advanced Light Source providing tunable synchrotron radiation. Conformerdependent kinetics of CH 3 CHOO was probed at 9.35 eV and 10.5 eV: at 9.35 eV, only the anti-conformer is ionized, whereas at 10.5 eV signal is dominated by syn-CH 3 CHOO. [3] Direct UV absorption probing of CH 2 OO reactions with HCOOH and CH 3 COOH (298 K and 5 Torr) took place in a time-resolved broadband cavity-enhanced absorption spectrometer.
[4] The apparatus consists of an uncoated slow-flow quartz reactor, integrated into a broadband optical resonator cavity, operated over the 300 -450 nm wavelength range. Here 266-nm photolysis was chosen to reduce scattered-laser interference in the probe spectral region. A Xe arc lamp provides continuous probe radiation, and the average effective path length of the pump-probe overlap region is ~50 m over the probe wavelength range. A custom-built spectrometer (2 nm resolution (FWHM)) acquires the complete temporal evolution (120 µs resolution) of the full absorption spectrum for each laser shot, averaged for 120 -540 shots. Transient absorption is obtained from the difference between photolysis ON and photolysis OFF spectra.
Initial number densities (in cm -3 ) for the data in Figure 1 Model. The STOCHEM-CRI global atmospheric model has been described in detail elsewhere. [5] In the integrations presented here, reactions between the CIs CH 2 OO, CH 3 CHOO and larger CIs (≥ C3) with organic acids have been included, although for simplicity only the HCOOH fields are presented. Results are calculated for a base case [5b] that treats CI reactions with acids as negligible (case 1) and two scenarios using the present rate coefficients and two assumptions for reactions of larger CIs: Case 2, k(other CI + HCOOH) = 1.1  10 -10 cm 3 s 1 ; Case 3, k(other CI + HCOOH) = 2.5  10 -10 cm 3 s 1 (see Table S1 ). Table S3 . A summary of the calculated vapor pressures for assumed products of CI reactions with organic acids. Vapor pressures were calculated using the Nannoolal et al. [6] vapor pressure estimation method. Vapor pressures above 4.0 Pa will not partition to the aerosol phase. [7] Vapor pressure (Pa) R group (carbon chain length) 
Products of the CH 2 OO + HCOOH reaction
The synchrotron photoionization spectra show product species that produce ions at m/z = 31 (CH 3 O, appearance energy (AE) ~ 10.8 eV) and m/z = 64 (CH 4 O 3 , AE ~ 10.3 eV). These product signals were observed only when HCOOH was present. No product signal appears at the parent mass of a CH 2 OO-HCOOH adduct (m/z = 92) or FAN (m/z = 74). Because the photoionization spectra of HPMF and FAN are unknown, the experiments do not necessarily rule out their formation, particularly if low-lying dissociative ionization channels exist. CBS-QB3 calculations [8] using Gaussian09 [9] place the adiabatic ionization energy (AIE) of HPMF at 10. The calculated AIE of hydroperoxymethanol (HPM, HOOCH 2 OH), another plausible product at m/z = 64, is 9.90 eV, lower than the 10.3 eV observed AE. However, the HPM cation has an elongated C-OOH bond (1.61 Å vs 1.40 Å in the neutral), which could cause the apparent onset to be higher than the calculated AIE. Moreover, the thermodynamic appearance energy is 10.76 eV for the CH 2 OH fragment ion from HPM (corresponding to HO 2 loss), similar to the ~ 10.8 eV onset observed for the m/z = 31 product signal. As a consequence, the observed product spectrum is consistent with HPM product as well as with a stabilized CH 2 OO-HCOOH adduct, possibly HPMF. Further analysis of the products from the CH 2 OO + HCOOH reaction would require the photoionization spectra for parent and fragment ions of potential products, which is outside the scope of the present study. Figure S3 . Absolute modeled mixing ratios for formic acid under the three scenarios (Table S1 ).
